Abstract We examined the existence of a relationship between polymorphism and dementia in subjects aged 90 years and above. The sample included 732 unrelated Chinese nonagenarians/centenarians (aged 90-108 years, mean age 93.68 years; 67.5% women). The Pro12Ala variant was examined using polymerase chain reaction restriction fragment length polymorphism. Cognitive function was measured with 30-item minimental state examination. The genotype frequencies of the Pro12Ala polymorphism were 0% Ala12Ala, 9.1% Pro12Ala, and 90.9% Pro12Pro. The prevalence rates of dementia were 64.9% in the whole sample (45.0% for men and 74.5% for women). In both men and women, between subjects with and without 12Ala carriers, there was no significant difference in cognitive function scores and also no significant difference in prevalence of dementia; there was no significant difference in frequency of 12Ala carriers between subjects with and without dementia. Multiple logistic regression was performed by adjusting clinical factors that are thought to be associated with cognitive function or with 12Ala carriers. We found that 12Ala is not a risk factor for dementia. We found that Pro12Ala polymorphism in PPAR-γ2 was not directly correlated with dementia among Chinese nonagenarians and centenarians.
Introduction
Dementia is a common and multifactoral disorder in which multiple genes are likely to be involved concurrently (Katsel et al. 2007; Poorkaj et al. 2001; Silberfeld et al. 2002) . Pathophysiology of dementia depends on a variety of interrelated factors, in which the genetic determinant must be prominent in the development of dementia in view of the heritability of cognitive function. Peroxisome proliferator-activated receptors gamma (PPAR-γ) gene, as a candidate gene, seems to attract particular interest in relation to dementia (Santos et al. 2005) .
Peroxisome proliferator-activated receptors (PPARs) are members of the nuclear hormone receptor superfamily of ligand-dependent transcription factors (Issemann and Green 1990) . So far, three PPAR distinct isoforms, PPAR-α, PPAR-β/δ, and PPAR-γ, have been identified and cloned. PPAR-γ is mostly expressed in adipose tissues, and it controls adipocyte differentiation and lipid storage (Forman et al. 1997; Kliewer et al. 1995; Tontonoz et al. 1994) , affects the action of insulin, and regulates glucose homeostasis (Berger and Moller 2002; Spiegelman 1998) . Pro12Ala polymorphism in PPAR-γ2 may therefore have important consequences related to obesity, insulin resistance, and type 2 diabetes mellitus (McIntyre et al. 2007; Watson and Craft 2003; Watson et al. 2005) .
A close association between cognitive impairment and Pro12Ala polymorphism in PPAR-γ2 has already been highly reported in prospective and crosssectional observational studies, but the role of Pro12Ala polymorphism in PPAR-γ in the pathogenesis of cognitive impairment and dementia remains equivocal (Johnson et al. 2008; Scacchi et al. 2007; West et al. 2008; Yaffe et al. 2008; Yen et al. 1997) . Common in each of these studies, however, was the relatively young age of the participants. The average age of each population was under 80 years. However, dementia is a major component of age-related deterioration and differs in younger subjects in aspects of etiology, presentation, treatment, and outcome (Jama et al. 1996) . Moreover, Pro12Ala polymorphism in PPAR-γ2 has been shown to exert an impact on longevity and the very-elderly population (aged 90 years and above) has a higher allele frequency of Ala12 than those aged 60 years and above (Barbieri et al. 2004) . Mortality tends to remove those with dementia who are non-Ala12 carriers. As a result, the relationship between Pro12Ala polymorphism in PPAR-γ2 and dementia in the very-elderly population might be different from that in people aged 60 years and above.
In addition, the prevalence of Ala12 allele varied greatly among different ethnic populations, with the prevalence being much lower in Asians than in Caucasians (Chuang et al. 2001; Tai et al. 2004) . The relationship between Pro12Ala polymorphism in PPAR-γ2 and dementia in the very-elderly population might be different from that in old people aged 60 years and above, and the allele frequency of Ala12 in PPAR-γ2 varies greatly in different ethnic populations. However, up to date, there has been no relevant evidence from the very-elderly population and no relevant data from the Chinese population. Therefore, the present study explored the association of dementia with Pro12Ala polymorphism in PPAR-γ2 among Chinese nonagenarians/centenarians.
Methods

Study subjects
Subjects were recruited as part of the "Project of Longevity and Aging in Dujangyan" (PLAD). PLAD was performed in DuJiangYang (located outside the urban area of Chengdu, China, with 2,311,709 inhabitants, 870 subjects were found to be aged 90 years or more, women 67.4%). In April 2005, 870 subjects aged 90 years or more were recruited from this population. The study protocol was approved by the Research Ethics Committee of the Sichuan University. Informed consent was obtained from all participants and their legal proxies. Trained personnel visited all study participants at their homes for data collection, e.g., biological specimen collection and anthropometric measurements. Sociodemographic characteristics and lifestyle habits were collected by using a general questionnaire. We excluded the subjects who did not complete the 30-item mini-mental state examination (MMSE) and who had no biological specimen available for genotype typing. Twenty-one men and 26 women were found to be ineligible for the study because they had already died or moved away from the area. Of 262 men and 561 women who were interviewed, five men and 41 women did not complete the MMSE, 23 men and 35 women had no biological specimen for genotype typing, and four men and nine women both did not complete the MMSE nor did they have biological specimen available. Overall, we included a total of 732 participants (238 men and 494 women).
Assessment of cognitive function
Dementia is defined as a score below 18 on the MMSE (Tombaugh and McIntyre 1992) . This score has been shown to be 80% to 90% sensitive and 80% to 100% specific for a diagnosis of dementia (Langley 2000; Tombaugh and McIntyre 1992) . In the MMSE, we categorized subjects according to the following: dementia (scores of 0-18), mild cognitive impairment (scores of 19-24), and normal cognitive functions (scores of 25-30). To minimize error and assure reliability, we (1) reviewed the MMSE procedure and grading system outlined in a short booklet and video, (2) observed a geriatrician conducting the MMSE procedure on residents not part of the study for training purposes, and (3) was supervised when conducting the MMSE on residents not part of the study. The MMSE test was thereafter applied to the consented study subjects.
Measurement of genotype typing
Genomic DNA was isolated from whole blood drawn from antecubital vein using commercial DNA isolation kits from QIAGEN (Chatsworth, CA, USA), according to standard procedures. Genotyping of the PPAR-Γ Pro12Ala was carried out by a polymerase chain reaction (PCR) restriction fragment length polymorphism detection method. The PCR conditions and primers used were those previously indicated by Meirhaeghe et al. (2007) . Briefly, genomic leukocyte DNA was amplified by PCR using the forward 5-TCT GGG AGA TTC TCC TAT GG-3 and reverse 5-CCC AAT AGC CGT ATC TGG AAG G-3, which introduced a Sau96I restriction site only when the GC substitution at nucleotide 80 is present. The amplified product was 99 bp. The PCR conditions were as follows: an initial denaturation step at 94°C for 5 min, followed by 37 cycles of denaturation at 94°C for 35 s, annealing at 52°C for 35 s, and extension at 72°C for 35 s, with a final extension of 10 min at 72°C. The PCR reaction product was digested at 37°C for overnight (at least 10 h) with Sau96I (New England Biolabs, Beverly, MA, USA), using the buffer recommended by the manufacturer, generating two fragments of 80 and 19 bp, respectively, when the G allele is present.
Assessment of covariates
The baseline examination included information on age (years), educational levels (illiteracy, primary school, secondary school, college, and postgraduate), fasting plasma glucose (FPG), serum uric acid (μmol/L), serum lipid/lipoprotein [including total cholesterol (Yilmaz et al.), triglycerides, low-density lipoprotein cholesterol, and high-density lipoprotein cholesterol], systolic BP (mm Hg), diastolic BP (mm Hg), sleep duration per day, sleep quality, and body mass index (BMI, kg/m 2 ). BMI is calculated as body weight in kilograms divided by height in meters squared. Right arm blood pressure was measured in the sitting or recumbent position twice to the nearest 2 mm Hg using a standard mercury sphygmomanometer (phases I and V of Korotkoff) by trained nurses or physicians. The mean value of two measurements was used to calculate systolic and diastolic blood pressure. FPG, serum uric acid, and lipid/lipoprotein levels were determined by standard laboratory techniques (performed by technician in biochemistry laboratory of Sichuan University). The other covariates were collected by using a general questionnaire. The survey also determined a history of diagnosis or treatment for type 2 diabetes mellitus over the prior 3 years. Sleep quality was assessed using a relevant questionnaire with scores of 1 to 4 being very unsatisfactory, generally unsatisfactory, generally satisfactory, and very satisfactory, respectively. Therefore a higher score represented better sleep quality.
Statistical analysis
All statistical analyses were performed with the SPSS for Windows software package, version 11.5 (SPSS Inc, Chicago, IL, USA). We analyzed data in men and women separately because there are differences in cognitive function scores and in the prevalence rates of dementia between men and women. In addition, previous study showed that among nonagenarians and centenarians, cognitive impairment in women with risk factors (any except age-related deterioration) was more insensitive (Corrada et al. 2008) . χ 2 or Fisher's exact test (where an expected cell count was <5) were used for categorical variables and unpaired Student's t test for continuous variables; baseline characteristics were compared between those with and without prevalent dementia and between those with and without 12Ala carriers. Wald Chi-square test was used to estimate the odds ratio (OR) and 95% confidence interval (CI) of 12Ala carriers as a function of increased cognitive impairment. Multiple logistic regression models were used to adjust for factors associated with cognitive function, Pro12Ala polymorphism in PPAR-γ2, and all the covariates. P value <0.05 was considered to be statistically significant, and all of the P values have been two-sided.
Results
Seven hundred thirty-two subjects (mean age 93.68 years, standard deviation 3.43 years, aged 90-108 years), including 494 (67.49%) women, and 76 centenarians were included in the present study. The prevalence rates of dementia were 64.9% in the whole sample (45.0% for men and 74.5% for women). Difference between men and women was significant (P<0.001). In order to examine the association of the main demographic and clinical characteristics with dementia, demographic and clinical characteristics grouped by dementia and not dementia are presented in Table 1 .
The genotype frequencies of the Pro12Ala polymorphism were 0% Ala12Ala, 9.1% Pro12Ala, and 90.9% Pro12Pro in the whole sample; 0% Ala12Ala, 10.9% Pro12Ala, and 89.1% Pro12Pro in men; and 0% Ala12Ala, 8.5% Pro12Ala, and 91.5% Pro12Pro in women (difference between men and women was insignificant, P=0.294). Demographic and clinical characteristics grouped by Pro12Ala polymorphism are presented in Table 2 .
To examine the association of dementia with Pro12Ala polymorphism, the MMSE scores and prevalence of dementia grouped by their Pro12Ala genotype are given in Table 2 , and prevalence of Baseline characteristics were compared between those with and without prevalent cognitive impairment using. χ 2 or Fisher's exact test (where an expected cell count was <5) for categorical variables and unpaired Student's t test for continuous variables. In the testing, a P value <0.05 was considered to be statistically significant MMSE mini-mental state examination, BMI body mass index, FPG fasting plasma glucose, HDL high-density lipoprotein, LDL lowdensity lipoprotein, BP blood pressure Ala12 carriers grouped by dementia and nondementia are given in Table 1 . In both men women, between subjects with and without 12Ala carriers, there was no significant difference in cognitive function scores nor in the prevalence of dementia; there was also no significant difference in frequency of 12Ala carriers between subjects with and without dementia.
Finally, the Ala12 allele was not associated significantly with the risk of dementia in long-lived subjects. This association was confirmed in four logistic models: unadjusted; adjusted for covariates, which might be associated with cognitive function; adjusted for covariates, which might be associated with Pro12Ala; adjusted made with all the covariates. The ORs were all found to be insignificant (Table 3) . Baseline characteristics were compared between different PPAR-γ2 Pro12Ala genotypes using. χ 2 or Fisher's exact test (where an expected cell count was <5) for categorical variables and unpaired Student's t test for continuous variables. In the testing, a P value <0.05 was considered to be statistically significant MMSE mini-mental state examination, BMI body mass index, FPG fasting plasma glucose, HDL high-density lipoprotein, LDL lowdensity lipoprotein, BP blood pressure
Discussion
In the cross-sectional observations, in communitydwelling Chinese nonagenarians/centenarians, there were a high prevalence rate of dementia (64.9%) and a low prevalence rate of 12Ala carriers (0% Ala12Ala, 9.1% Pro12Ala, and 90.9% Pro12Pro). There were no significant differences in both cognitive function scores and prevalence of dementia between subjects with and without 12Ala carriers; there was also no difference in the prevalence of 12Ala carriers between subjects with and without dementia.
To the best of our knowledge, there are only three studies, which examined the association between Pro12Ala polymorphism in PPAR-γ2 and dementia in humans. Two of these studies took place in USA and the other took place in UK (Johnson et al. 2008; West et al. 2008; Yaffe et al. 2008) . West et al. reported that although female Ala carriers were found to be associated with a reduced risk of type 2 diabetes mellitus, there was an increased risk of cognitive impairment in individuals once diabetes has developed. Moreover, male Ala carriers were found to have a greater risk of dementia (West et al. 2008) . Wendy et al. concluded that the risk of cognitive decline is greater when 12Ala carriers developed type 2 diabetes mellitus (Johnson et al. 2008) . Yaffe et al. concluded that carriers of the PPAR-γ2 Ala allele have better performance in two tests of cognitive function, and there was a reduced risk of cognitive decline over time (Yaffe et al. 2008 ). All of these showed that Pro12Ala polymorphism in PPAR-γ2 is associated with dementia, but the impact of 12Ala carriers on dementia is indefinable. The results of our study showed that in community-dwelling Chinese nonagenarians/centenarians, there was no relationship between Pro12Ala polymorphism in PPAR-γ2 and dementia. Our results not only provided relevant evidence in Chinese population but also provided evidence in the very-elderly population.
PPAR-γ has previously been reported as associated with BMI (Masud et al. 2003) and not associated with BMI (Dahlman and Arner 2007) . In our study, Ala carriers have lower BMI, which is associated with a reduced risk of type 2 diabetes mellitus in the general population. This information could suggest PPAR-γ is associated with BMI, and Ala carriers are associated with a reduced risk of type 2 diabetes mellitus. However, our study found that PPAR genotype was not associated with type 2 diabetes mellitus. It has been confirmed that subjects with type 2 diabetes mellitus had a higher mortality rate than those without. In nonagenarians/centenarians, mortality removed the subjects with type 2 diabetes mellitus and Pro/Pro and the association between Pro12Ala polymorphism with type 2 diabetes mellitus.
It has been confirmed that there were more 12Ala carriers in the nonagenarian/centenarian group than in the general population (Barbieri et al. 2004) . Dementia is a major component in age-related deterioration and the prognosis of dementia (Jama et al. 1996) . Mortality in the nonagenarian/centenarian group might tend to remove those with dementia and those who lack the 12Ala gene. Therefore, it is reasonable to believe that mortality in the nonagenarian/centenarian Adjusted multiple logistic regression was used to adjust for covariates OR odds ratio, Unadjusted Wald Chi-square test with df=1 was used, Model 1 adjustment made with covariates which might be associated with cognitive function at baseline (P<0.05 shown in Table 1 ), Model 2 adjustment made with covariates which might be associated with Pro12Ala (P<0.05 shown in Table 2 ), Model 3 adjustment made with all the covariates group may alter the association between dementia and Pro12Ala Polymorphism in PPAR-γ2. In addition, the prevalence of Ala12 allele varied greatly in different ethnic populations, with the prevalence rate being much lower in Asians than in Caucasians (Chuang et al. 2001; Tai et al. 2004) . Therefore, ethnicity might also be an influencing factor. However, these issues require further investigation. There are potential limitations to this study. Firstly, the number of 12Ala carriers was only 68, and this small sample of 12Ala carriers may weaken statistical efficacy. Secondly, we did not include insulin resistance or serum insulin levels as baseline characteristics; thus, we were unable to show the role of insulin resistance in the relationship between polymorphism in PPAR-γ and dementia. Thirdly, we did not perform adjustment for other potential confounders, such as socio-economic status and family history of depression. Finally, we did not evaluate several confounding variables such as smoking and daily alcohol consumption, as there were a considerable number of subjects who quit drinking and/or smoking in their eighties, which could have influenced the study outcome.
In conclusion, we demonstrated that there was no association between the Pro12Ala variant of PPAR-γ2 gene and dementia in Chinese nonagenarians/ centenarians.
